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TITLE OF THE INVENTION 

METHOD FOR REMOVAL OF PSORALENS FROM BIOLOGICAL FLUIDS 

BACKGROUND OF THE INVENTION 
S Recently, because of potential risks involved with donated blood, methods for 
inactivating pathogenic agents that may be found in donor blood or blood 
components are being actively investigated. One of (he most promising approaches 
is inactivating pathogenic agents by photochemical treatment. One of the main 
problems in most photochemical treatment methods is reducing the residual 

10 photosensitizer or its decomposed products in the treated blood to sufficiently low. 
level so that the treated blood or blood product can be transfused to patient. Even 
though all donor blood is tested for possible contamination with known pathogens it 
is currently not possible to completely eliminate all contaminated blood from the 
donor blood pool. 

is * 

This is caused by several circumstances* For instance, when a person is infected 
with viruses such as human immunodeficiency viruses (HIV) which causes AIDS, 
there is a period during which the anti-HIV antibody titer is too low for positive 
detection by current screening tests. Therefore, blood donated by an HIV infected 

20 person during this period may pass the antibody screening tests and could infect any 
recipients of the donated blood or blood products made therefrom. Also, there is 
always the possibility that the donated blood is contaminated by unknown or 
undetected pathogens. For these reasons currently there is an urgent need for 
methods to eliminate those undetected pathogens in the donated blood or blood 

25 components derived therefrom for human use. 

Wiesehahn et al. (U. S. Patent No. 4,727,027; 4748.120; and 5J76.921) and Isaacs 
et al. (U.S. Patent No. 5,139,940) described methods for deactivating pathogens in 
biological fluids by UVA irradiation in the presence of psoralen derivatives such as 

30 8-methoxy psoralen(8-MOP) f 4 'hydroxymethyM, 5\8-trimethylpsoralen (HMT); 
4'-aminomethyM\ 5*8-trimcthylpsoralen(AMT), or other psoralen derivatives- In 
this process only a small fraction of the total amount of psoralen compound added is 
consumed in inactivating those pathogens and the remainder of the added psoralen 
compound either remains in the treated blood as original psoralen compound or 

35 remains in the treated blood as psoralen decomposition products. 

The amount of these residual compounds in the treated blood or blood component 
could be very substantial and when a patient is transfused with this treated blood or 
blood component the patient may be exposed to psoralens or psoralen degradation 
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products. This exposure to psoralens or psoralen degradation products may in turn 
cause undesirable effects on the patient such as phototoxicity or other toxic effects 
associated with psoralen and their decomposition products. Therefore, it is highly 
desirable to remove the remaining psoralen derivatives or decomposed psoralen 
products from the treated blood or blood component before any human use. 

Currently there are no methods published which have been shown to remove the 
psoralen compounds and their decomposition products from blood and blood 
products. 



Summary o f the Invention 

The present invention is drawn to a method for the removal of psoralen compounds 
and their decomposition products from psoralen-treated biological fluids, including 
but not limited to. blood and blood products. Hie method of the present invention 
utilizes a psoralen-adsorbent material which is contacted with the psoralen-treated 
biological fluid, such as blood or blood products. Biological fluids, blood or blood 
products that contain psoralen compounds or their decomposition produds arc 
treated according to the method of the present invention to produce a biological 
fluid, blood and blood components that are substantially free from psoralen 
20 compounds or psoralen decomposition products. 

Brief Description nf ft* Pnrfrr 

Figure 1 shows an overall general view of the usage of this adsorption device. The 
first container^) contains already irradiated blood or blood componentO 1 ) which 
25 contains residual psoralen or psoralen derivatives such as g-MOP, AMT. HMT or 
other psoralen derivative and its decomposition products during earlier ultraviolet A 
imd«ation. The treated fluid/.] 1) is pumped by the pump(13) through the adsorption 
deviced), where the residual photosensitize^) or its byproducts are removed, into 
the second contained 10). 

30 

Figure 2 shows a vertical cross-sectional view of the adsorption device(l ) The 
cartridge is made of inlet cap(4). outlet cap(5), body casing(6). two stainless steel 
screens(7), and adsorbent(8). The stainless screens(7) contain the resin beads inside 
the cartridge and prevent them from coming out of the cartridge. 

Figure 3 shows a horizontal cross-sectional view of the device(l). The adsorbent(8) 
is microporous beads of the size approximately 0. )-2mm iu diameter and made from 
polystyrene or polystyrene copolymerized with divinylbenzene. These microporous 
beads have pore sizes in the range of molecular level. 10-1000 Angstroms, and 
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large pore surface area, 100-1,000 square meter per gram of the adsorbent. Good 
examples are XAD-4 and XAD-16 resin beads made by Rohm and Haas Company. 

Figure 4 shows a cross-seclionaJ view of another design of this invention. Here die 
adsorbent( 14) is made of microporous fibers(l 4) instead of beads. The fibers could 
be in woven or non-woven configuration. By using fibers instead of beads the 
stainless steel screens(7) can be eliminated. 

Figure 5 shows a cross-sectional view of the same device shown in figure 4. Here 
the cross-sections of the adsorbent fibers are shown. These adsorbent fibers are 
woven with other fine threads. 

Detailed Description of the Invention 

It is the purpose of this invention to develop a method to remove the residual 
photosensitizers such as psoralen or its derivative^) and its decomposition products, 
if any, from biological fluids such as treated blood or blood components so that the 
treated biological Quids can be transfused into patients substantially free from 
residual photosensitize^). Biological fluids that are suitable for use in the method 
of the present invention include, but are not limited to, whole blood, serum, plasma, 
blood fractions such as platelets, red cells, and buffy coat, extracts of blood or blood 
fractions such as proteins purified therefrom, and any biological fluid that has been 
treated with one or more psoralen compound. 

Many psoralen adsorbent materials are suitable for use in the method of the presenl 
invention, and different physical forms of these materials can be made and are 
suitable for use in the method of the present invention. For instance, activated 
carbon in the form of microporous beads or fibers is a good psoralen adsorbent. But 
it has been found that activated carbon may also adsorb other components from 
blood or blood products. Therefore, its application in the method of the present 
invention is suitable only if the activated charcoal does not also remove a desirable 
component of the treated biological fluid. The preferred adsorbent materials for use 
in the method of the present invention are ones which adsorb the psoralens and 
psoralen decomposition products with minimum adsorption capacity for other 
desired components such as the components of blood and blood products for human 
use. 



Microporous polymeric beads such as those made from polystyrene and polystyrene 
copolymerized with divinylbenzene are the preferred adsorbent materials for use in 
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the method of the present invention for psoralen, psoralen derivatives and their 
photodecomposition products. 

It is readily apparent to those of ordinary skill in the art (hat virtually any fluid is 
suitable for use in the method of the present invention. In particular, any biological 
fluids that have been treated with psoralen compounds are suitable for use in this 
method of the present invention. Biological fluids that are commonly exposed to 
psoralen compounds include, but are not limited to, whole blood, plasma, serum, 
and any components isolated from blood or blood fractions. Psoralen compounds 
have been used for a variety of purposes which include the sterilization of human 
blood and blood-derived products to prevent transmission of hepatitis viruses, 
herpes viruses, HIV and any other infectious or oncogenic entity derived from blood 
donors; the sterilization of cell culture-derived biologicals, such as interferons, 
eiuymes, hormones and vaccines, to inactivate any viral or nucleic acid 
contaminants; and therapeutically in humans by treating patients with psoralens, and 
then irradiating the blood in an extracorporeal circuit, followed by the return of the 
psoralen-treated blood to the patient. 

It is also readily apparent to one of ordinary skill in the an that a variety of different 
psoralen-adsorbent materials are suitable for use in the method of the present 
invention. Examples of suitable types of psoralen-adsorbent materials include, but 
are not limited to. activated carbon beads or fibers which are uncoated or coated 
with biocompatable materials, ion exchange resins such as Dowex beads 
(commercially available from Dow Chemical Company. Midland Michigan), and 
amberlite beads (commercially available from Rohm and Haas Company, 
Philadelphia, Pennsylvania), with polystyrene and polystyrene copolymerized with 
divmylbenzene being most preferred. 

It is readily apparent to those skilled in the art that the psoralen-treated biological 
Quid is contacted, with the psoralen-adsorbent material in a variety of ways. For 
example, the biological fluid may be mixed in a batchwise fashion with the 
psoralen-adsorbent material, followed by removal of the psoralen-adsorbent material 
by standard separation means such as filtration or gravitational separation. 
Alternatively the psoralen-adsorbent material may be placed inside a standard 
chromatographic device such as a column through which is passed the psoralen- 
containing biological fluid. 

It is also readily apparent to those skilled in the art that virtually any psoralen 
compound that is suitable for use in biological fluids, is suitable for use with the 
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method of the present invention. Psoralen compounds are well known irr the an and 
are deseribed in U.S. Patent 4,321.919; and U.S. Patent No. 4,960,408. Commonly 
used psoralen compounds include, but are not limited to, psoralen; 8-methoxy- 
psoralen; 4,5'8-triinethylpsoralen; S-me*oxypi<mjlen;4-5Mimethyl-psoralen; 4,8- 
raethoxypsoralen; 4-methylpsoxaIen; 4,4-dimethylpsoralen; 4-hydroxymethyl- 
4,5\8-trimethylpsoralen; and 4 , -aminomethyl-4,5 , ,8-trimethylpsoralen. 

The folbwing Examples are provided to illustrate the present invention without, 
however, limiting the same thereto. 



Example 1 

In this experiment to demonstrate the adsorption capacity of styrene or styrene 
copolymer beads for psoralen derivatives, a glass pipette was used as a resin 
container and glass wool was used in place of stainless steel screen to keep the 
beads inside the pipette. A total of 8 grams of XAEM resin beads (commercially 
available from Rohm and Haas Co.) was filled into a pipette. Balls of glass wool 
were put at the bottom and top of the resin bed inside the pipette. The total bed 
volume of the resin beads was 1 1.4 mL. Several gallons of 0.5 ug/mL AMT 
(psoralen) solution in water was made, pumped through this small XAD-4 resin 
column, and AMT concentrations in the effluent was measured over time. The 
results are shown in Table 1 . 



Table 1 



Run No. j 


Perfusion Rate 
mL/min. 


Percent Leakage 
In Last Sample 


Total Volume 
Treated > mL 


] 


19.5 


2.4 


800 


2 


5.7 


0.0 


1.370 


3 


10.2 


0.0 


1.230 


4 


21.1 


7.4 


1.254 


5 


[35.5 


0.0 


1.414 


6 ™ - 


SO.I 


4.1 


980 








total 7,048 



«•* «ow i«tra wiui me some cartridge. As the 

flow rate increases the resident time of the perfusate in the resin cartridge decreases 
allowing less time for adsorption to take place. Tnerefore. if the adsorption rate is 
slow or the capacity is low, the AMT concentration in the effluent should increase 
The test results show that the AMT concentration in the effluent is practically zero 
and not effected by flow rate increase. These results show that XAD-4 resin beads 
have extremely high affinity for AMT both in capacity and adsorption rate. 
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What is claimed is: 

1 . A method for the removal of psoralen compounds and psoralen degradation 
products from biological fluids, comprising: 

a) contacting a biological fluid containing psoralen or psoralen 
degradation products with a psoralen-adsorbent material; and 

b) separating and collecting the biological fluid from the psoralen- 
adsorbent material to provide a biological fluid substantially free from psoralen or 
psoralen degradation products. 

2. The method of claim 1 wherein the biological fluid is serum. 

3. The method of claim 1 wherein the biological fluid is plasma. 

4. The method of claim 1 wherein the biological fluid is red blood cells. 

5. The method of claim 1 wherein the biological fluid is whole blood. 

6. The method of claim 1 wherein the psoraien-adsorbem material is selected 
from the group consisting of polystyrene and polystyrene divinylbenzene copolymer. 

7. The method of claim 1 wherein the psoralen is 8-methoxypsoralen. 



97/37536 



1/3 



rCT/VS97/037«S 




10 



12 



13 

SUBSTITUTE SHEET (RULE 26) 



2/3 

FIG. 2 
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FIG. 3 
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FIG. 4 
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